The article analyzes the dynamics of the development of the electromobility sector in Poland in the context of the European Union and due to the economic situation and development of the electromobility sector in the contexts of Switzerland and Norway. On the basis of obtained data, a forecast was made which foresees the most likely outlook of the electric car market in the coming years. The forecast was made using the creeping trend method, and extended up to 2030. As part of the analysis of the effect of the impact of electromobility, an original method was proposed for calculating the primary energy factor (PEF) primary energy ratio in the European Union and in its individual countries, which illustrates the conversion efficiency of primary energy into electricity and the overall efficiency of the power system. The original method was also verified, referring to the methods proposed by the Fraunhofer-Institut. On the basis of all previous actions and analyses, an assessment was made of the impact of the development of the electromobility sector on air quality in the countries studied. Carbon dioxide tank-to-wheels emission reductions which result from the conversion of the car fleet from conventional vehicles to electric motors were then calculated. In addition to reducing carbon dioxide emissions, other pollutant emissions were also calculated, such as carbon monoxide (CO), nitrogen oxides (NO x ) and particulate matter (PM). The increase in the demand for electricity resulting from the needs of electric vehicles was also estimated. On this basis, and also on the basis of previously calculated primary energy coefficients, the emission reduction values have been adjusted for additional emissions resulting from the generation of electricity in power plants.
Introduction
The continuous development of all European Union (EU) countries contributes directly to the development of the road transport sector, both passenger and freight [1] [2] [3] . The number of cars throughout Europe is increasing at a much faster pace than was would result from the increase in the number of inhabitants [4] . This affects the growth in consumption of crude oil and its derivatives, as well as the increase in the emission of air pollutants from transport [5, 6] .
In 2016, almost 383 million vehicles were registered in the European Union, of which over 85% were passenger cars [7] . Most EU countries, including Poland, note the growth of registered vehicles every year [8, 9] . This is connected with economic development and the increase in Gross Domestic Some European Union countries try to reduce the level of emissions of carbon dioxide and other air pollutants by reducing their amounts in the transport sector, through a policy that favors the development of alternative fuels [52, 53] . The two most common choices among the member states are electric or LPG/CNG vehicles [54, 55] . On the basis of the report on the development of electromobility in Europe, an analysis of national alternative fuel development plans was carried out and a table summarizing the activities of the European Union countries in this sector was drawn up [56] .
Due to European trends, the article focuses on the development of electric vehicles in Poland and in the European Union, as well as on the impact of these changes on CO 2 emissions and improvement of air quality. In addition, Switzerland and Norway were also included in the analysis. Table 1 presents the current attitude of European countries towards the development of individual drives of alternative vehicles. The table specifies whether the country possesses and implements the national development policy framework (NDPF) in a given field. The field "low ambition" means that there are documents in a given country regarding the development of alternative fuels, but those are not legal acts, specific declarations or documents binding in any way. The "no NDPF" field means that the country does not have a national development policy framework or other documents regarding alternative fuels published officially by state institutions. The symbol means attitude of European countries towards the development of individual alternative drives.
The analysis of the results presented in Table 1 indicates that twelve out of twenty-eight European Union partner countries (including Poland) focus mainly on the development of transport based on electric vehicles. Four of the Member States are focused on the development of LPG/CNG vehicles, six have low ambitions and five do not possess a national policy framework for the development of alternative fuels. An interesting case is Belgium, which supports the development of both electric vehicles and those powered by LPG/CNG.
The governments of many countries have realized the difficulties that electric cars may face when entering a market dominated by conventional vehicles [57] [58] [59] . Some countries have therefore decided to use incentives to convince the populace to replace their combustion vehicles with electric alternatives [60, 61] .
These incentives include various kinds of tax allowances, subsidies for vehicle purchases and other non-financial incentives [62, 63] . However, this is a temporary measure that helps the electromobility sector to strengthen its market position [64, 65] . In the later period, the scale effect is expected, which will cause a drop in market prices and a greater increase in the popularity of electric cars [66, 67] .
Based on the data available on the website of the European Alternative Fuels Observatory (EAFO) [68] and a report published by the European Automobile Manufacturers' Association (ACEA) [69] , a list of the most important incentives and privileges for electric car owners was created ( Table 2) . Table 2 . The incentives offered for purchasing and using electric cars in the European Union, Norway and Switzerland.
Country

Subsidies for the Purchase of a Vehicle
Road Tax Exemption
Registration Fee Exemption
Other Tax Allowances
Non-Financial Incentives
Italy /
The symbol means that there are incentives or privileges in the country; / marks partial occurrence of incentives, for example temporarily or only in certain regions; The symbol means a complete lack of incentives.
Materials and Methods
The work was based on an analysis of official reports on the electromobility sector and the electricity power system in Europe. Other source materials available in this topic were also used for the calculations and assumptions made. On the basis of the information obtained, an analysis of the dynamics of the development of the sector in Poland and Europe was carried out.
Using the creeping trend method, a forecast was created illustrating the sector's outlook in the analyzed countries up to 2020. This method is a numerical tool for identifying the development trend of the forecast variable. So, at the input, there is an n-element time series (periods or moments) containing empirical values, and at the output, also an n-element sequence of theoretical values. In order to use the method correctly, it is necessary to perform some basic steps:
• Arbitrary determination of the value of the smoothing period l. The l parameter is the only parameter of the Hellwig method that is not estimated, but determined arbitrarily. It must be an odd, natural number and 2 < l < n (necessary condition); In order to accurately calculate the ecological effect of the changes taking place, an original method has been developed for calculating the primary energy factor (PEF) which reflects the efficiency of the power system of a given country in the context of conversion of primary energy into electricity. The index was also verified using methods contained in the report published by the largest organization in Europe in the field of applied research and its implementation, i.e., the Fraunhofer-Institut. These methods were proposed by a team working as part of research on the assessment of the possibility of calculating the primary energy coefficient for electricity in the context of the official update of this coefficient in EU documents. Using the data obtained from the review of reports and literature, as well as using the results of calculations and forecasts and the aforementioned indices, the ecological effect accompanying the changes was calculated. Thanks to the study of change dynamics and the forecast made, the expected impact of electromobility on air quality in the studied area was also calculated and the values of tank-to-wheels reduction (hereinafter referred to as reduction) of pollutant and greenhouse gas emissions were determined, which was the main objective of this paper.
Research on the Dynamics of Electromobility Development in the European Union
On the basis of vehicle registration data in the European Union, Norway and Switzerland from the report prepared by the International Council on Clean Transport (ICCT), as well as data on the car fleet of individual European countries monitored by the European Alternative Fuels Observatory (EAFO), a chart was drawn up which presents the dynamics of the development of the electric car market in the European Union, Norway and Switzerland [63, 64] . The chart starts from 2009, as in previous years no significant interest in electric cars was noted. With the exception of a few countries (including Great Britain, France, The Netherlands, Norway or Germany), no electric cars were registered in Europe before 2009. Presented below (Figure 1 ) is the cumulative number of electric vehicle registrations in the EU-28, Norway and Switzerland. Under the heading "EU-13 excluding Poland", there are twelve countries that joined the European Union after 2004 which have been presented in a collective manner. They are Bulgaria, Croatia, Cyprus, the Czech Republic, Estonia, Lithuania, Latvia, Malta, Romania, Slovakia, Slovenia and Hungary. The real data are marked with continuous lines in the graph, and the predicted growth is marked with dashed lines. The forecast was prepared using the creeping trend method and assumes a continuous increase in the number of new registrations in the following years. The applied method-the creeping trend method with harmonic weights-is based on historical data showing the formation of the phenomenon in the analyzed period. The data on the number of electric car registrations in Norway and Switzerland in 2009-2012 were extrapolated on the basis of actual values in the remaining years. It should be noted that the chart shows the number of cars that were registered for the first time in a given country. The graph clearly shows that there are five countries that are unambiguous sector leaders: The Netherlands, France, Germany, Great Britain and Norway. In total, the number of new registrations in these countries amounted to 211,757 units in 2017, which is over 73% of all new registrations in the analyzed area. The cumulative number of electric car registrations in the analyzed period in Poland was only 2265 (Figure 2 ). In 2017, 1143 vehicles were registered, which constitutes 0.40% of new registrations in the countries studied, and ranks well below the European average (15, 208) . The applied method-the creeping trend method with harmonic weights-is based on historical data showing the formation of the phenomenon in the analyzed period. The data on the number of electric car registrations in Norway and Switzerland in 2009-2012 were extrapolated on the basis of actual values in the remaining years. It should be noted that the chart shows the number of cars that were registered for the first time in a given country. The graph clearly shows that there are five countries that are unambiguous sector leaders: The Netherlands, France, Germany, Great Britain and Norway. In total, the number of new registrations in these countries amounted to 211,757 units in 2017, which is over 73% of all new registrations in the analyzed area. The cumulative number of electric car registrations in the analyzed period in Poland was only 2265 (Figure 2 ). In 2017, 1143 vehicles were registered, which constitutes 0.40% of new registrations in the countries studied, and ranks well below the European average (15, 208) . Compared to other EU countries, there are not very many electric cars registered in Poland. However, almost forty times more vehicles of this type were registered in 2017 than in 2011, which means an increase of 3841%. By comparison, in Great Britain, which is one of the European leaders in the sector, the growth in these years was 23,797%. It should be remembered that the United Kingdom, as well as other countries which are described as the European leaders of electromobility, is a highly developed country and is ranked very high in terms of economic conditions, which is the result of factors such as the pace of GDP changes, deficit reduction and decline in unemployment. When comparing the development of Polish electromobility to that of other EU-13 countries, it can be noted that the situation is completely different in this case. The cumulative number of registrations in the years 2009-2017 in Poland amounted to 2265 units, which is over 18% of all registrations that took place in 13 countries. The dynamics of changes is also greater. In 2011, only 783 electric cars were registered in all EU-13 countries, in 2017-4.155. This corresponds to a change of 431%, while, as mentioned, this value is above 3800% for Poland. The dynamics of changes is enormous and, as can be seen in the previous figure (Figure 1 ), in most countries, the highest increase occurred after 2013. This is probably related to the introduction in 2014 of strict EURO6 exhaust emission standards. Many manufacturers in the automotive industry noticed the need to have electric cars on offer, which contributed to the greater availability of this type of vehicle on the market. Compared to other EU countries, there are not very many electric cars registered in Poland. However, almost forty times more vehicles of this type were registered in 2017 than in 2011, which means an increase of 3841%. By comparison, in Great Britain, which is one of the European leaders in the sector, the growth in these years was 23,797%. It should be remembered that the United Kingdom, as well as other countries which are described as the European leaders of electromobility, is a highly developed country and is ranked very high in terms of economic conditions, which is the result of factors such as the pace of GDP changes, deficit reduction and decline in unemployment. When comparing the development of Polish electromobility to that of other EU-13 countries, it can be noted that the situation is completely different in this case. The cumulative number of registrations in the years 2009-2017 in Poland amounted to 2265 units, which is over 18% of all registrations that took place in 13 countries. The dynamics of changes is also greater. In 2011, only 783 electric cars were registered in all EU-13 countries, in 2017-4.155. This corresponds to a change of 431%, while, as mentioned, this value is above 3800% for Poland. The dynamics of changes is enormous and, as can be seen in the previous figure ( Figure 1 ), in most countries, the highest increase occurred after 2013. This is probably related to the introduction in 2014 of strict EURO6 exhaust emission standards. Many manufacturers in the automotive industry noticed the need to have electric cars on offer, which contributed to the greater availability of this type of vehicle on the market. 
Primary Energy Indicator
In order to operate electric vehicles, electricity stored in batteries is used [70, 71] . The batteries are usually charged at charging points connected directly to the power grid [72] . The electricity used is known as final energy [73, 74] . A particular amount of primary energy, i.e., energy contained in sources or energy carriers (e.g., in fuels combusted in a power plant), is needed for its production and delivery [75, 76] .
The average PEF (Primary Energy Factor) for the EU countries, mentioned in the Directives of the European Union and Council is 2.5 [77, 78] . This value means that the average efficiency of the power system in the entire European Union, particularly the efficiency of electricity generation, is 40%. The indicator was designated in 2012 and has not been officially updated since then.
Due to the fact that the energy structure in Poland and Europe has changed since then, an original method for calculating the PEF indicator has been developed, and calculations for individual countries of the European Union have been made, for the purposes of the analysis [79] . The method is a simplified way of calculating the indicator and enables its determination using basic data concerning the power system. It is based mainly on the share of individual fuels in the national energy structure and takes into account the efficiency of generating electricity from various sources. It also considers the primary energy contained in individual types of fuels.
The efficiency of primary energy conversion for each type of fuel has been estimated on the basis of [80] . The final stage of calculations is the calculation of the PEF indicator, taking into account the primary energy of the carrier life cycle:
where, for the n number of sources, i represents:
• E i is the amount of electricity produced from a given source in the year r in the country, • E c is the total amount of electricity produced in the year r in the country, • η i is the efficiency of converting primary energy into electricity for a given fuel.
The PEF 2016 indicator thus calculated for Poland is 2.34 and has a lower value than that provided in the directive. However, due to changes in electric power systems and the dynamic development of renewable energy sources in recent years, the indicator, averaged by the weighted average method, is currently also lower for the entire European Union, amounting to 2.19. Figure 3 
• E is the amount of electricity produced from a given source in the year r in the country,
• E is the total amount of electricity produced in the year r in the country,
• η is the efficiency of converting primary energy into electricity for a given fuel.
The PEF2016 indicator thus calculated for Poland is 2.34 and has a lower value than that provided in the directive. However, due to changes in electric power systems and the dynamic development of renewable energy sources in recent years, the indicator, averaged by the weighted average method, is currently also lower for the entire European Union, amounting to 2.19. Figure 3 compares the PEF2016 indicators calculated for all the EU-28 countries with its average value from 2012 and now. The lowest values of the PEF indicator occurred in Luxembourg and Austria, and, among the EU-13 countries, Lithuania and Croatia. This is due to the relatively high share of renewable energy sources (RES) in the production of electricity, and to the fairly low share of solid fuels. In the case of Luxembourg, renewable energy sources cover as much as 85% of the demand for electricity; in the case of Austria, it is nearly 79% [81] .
In order to validate the correctness of the selected method, its results were compared with the values obtained using the methods proposed in the document published by the Fraunhofer-Institut [78] . The results of the index calculation are presented in the table below (Table 3) . The following calculation methods are selected for the calculation process:
• Calculation Method 1 is designed to provide a calculation method that is in line with the Eurostat primary energy calculation; • Calculation Method 2 is designed to provide the most appropriate calculation method reflecting the total consumption of nonrenewable sources; • Calculation Method 3 is a variation of calculation method 1 in order to analyze the impact of changing the allocation method for Combined Heat and Power (CHP) from the "International Energy Agency (IEA) method", that allocates the primary energy input to the outputs in relation to their output energies) to the "Finish method", that uses a reference system to allocate the output); • Calculation Method 4 modifies calculation method 3 by adding the life cycle perspective to the conventional fuels.
The PEF indicator for each of the methods, both the author's and those proposed by the Fraunhofer-Institut, differs from the coefficient set out in the European Union and Council Directives: it is definitely lower. This most likely results from the more detailed approach to calculations and energy conversion used in all the five methods. In addition, the Directive does not specify when exactly the indicator was calculated, and does not show how it was calculated. According to the calculations made with the presented methods, the PEF with a value of 2.5 could be observed before 2001 (methods 1, 2 and the author's method), in 2004 (method 3) and in 2010 (method 4).
The following figure (Figure 4) shows the visualization of results using a line graph. The average value for the Fraunhofer-Institut methods is marked in dashed lines.
The following figure (Figure 4) As can be seen in Figure 4 , the values calculated using the author method are within the range determined by the four methods proposed by the Fraunhofer-Institut. As part of a thorough check of the relationship between the results of the methods, a statistical verification was carried out. For four values (Methods 1, 2, 3 and 4), a standard deviation was calculated for each year; then, the difference was compared between the arithmetic mean of the methods and the calculation results. In each case, over the period of 16 years, the difference between the arithmetic average and the value of the PEF indicator calculated using the author's method was smaller than the standard deviation.
The results obtained by the author's method are the closest to those of Method 3. In this case, the relative error does not exceed 3% (its maximum value is 2.82% in 2010). The largest discrepancies occur in the case of Method 2. The error was calculated according to the formula:
where: is the relative error; is the value calculated using one of the Fraunhofer-Institut methods; is the value calculated using the author's method. Detailed results of the calculations are presented in the table below (Table 4 ). As can be seen in Figure 4 , the values calculated using the author method are within the range determined by the four methods proposed by the Fraunhofer-Institut. As part of a thorough check of the relationship between the results of the methods, a statistical verification was carried out. For four values (Methods 1, 2, 3 and 4), a standard deviation was calculated for each year; then, the difference was compared between the arithmetic mean of the methods and the calculation results. In each case, over the period of 16 years, the difference between the arithmetic average and the value of the PEF indicator calculated using the author's method was smaller than the standard deviation.
where: δ. is the relative error; x i is the value calculated using one of the Fraunhofer-Institut methods; x 0 is the value calculated using the author's method. Detailed results of the calculations are presented in the table below (Table 4) . PEF-primary energy index calculated using the author's method; σ-standard deviation; x-the arithmetic mean of the Fraunhofer-Institut methods; δ i -relative error for method i.
Ecological Effect and Emission Reductions
The ecological effect of the development of electromobility in Poland and the European Union was calculated on the basis of the data presented above concerning the dynamics of electromobility development, data on vehicles and drivers' habits in a given country, as well as emissions of individual fuels. Then, the amount of emission reduction was adjusted for the emissions resulting from the increase in electricity consumption, calculated on the basis of PEF indicators.
At the beginning of the calculations, an approximate service life in a given country was estimated, based on the average age of the vehicles therein [68] and an evaluation of the economic conditions [82] . 'Service life' means the time the car is used before it is replaced with a new one. This is an important item of data from the point of view of calculating the ecological effect, in that a lot of changes regarding emission limits have been introduced in the last 30 years [83, 84] . Therefore, all vehicles produced during this time differ from one another in terms of the amount of pollutants emitted [85, 86] . The service life has been estimated in order to make the most accurate calculations possible.
On the basis of a report published by the Publications Office of the European Union regarding the use of vehicles by residents of the European Union as well as statistical data on the population and the number of cars in a given country, the average annual distance travelled by a passenger car in each studied country was determined [87, 88] . These data were necessary to calculate the energy consumed by cars and to calculate the ecological effect. Below, Table 5 which shows the service life of vehicles and the average annual distance in the EU, Switzerland and Norway.
The last input data were specific emission levels of carbon dioxide (CO 2 ), carbon monoxide (CO), nitrogen oxides (NO x ) and particulate matter (PM) for passenger cars produced after a given year. When calculating the reduction of CO 2 emissions, data on average country-specific emissions were used in the studied year. Emissions of CO, NO x and particulate matter were calculated using the values included in the European emission standard for exhaust fumes; their maximum values were assumed [89] [90] [91] [92] [93] . Exact emission values are stated in the table below ( Table 6 ). The average value of CO 2 emissions by year is stated in the table below (Table 7) . Using all of the above data, and taking into account the percentage distribution of diesel and gasoline vehicles as well as the average CO 2 emissions data for a car in a given country, reductions in CO 2 , CO and NO x emissions were calculated. The calculations included the manufacture year, and therefore, also the emissivity of the car replaced by an electric vehicle. This was estimated on the basis of the service life of the vehicle peculiar to the country. The results of the calculations for Poland are shown in the diagrams below (Figures 5 and 6 ). The replacement of part of the car fleet from conventional vehicles to electric vehicles makes it possible to avoid the emission of a large amounts of pollution. The conversion also had a positive impact on the quality of air in cities, thanks to the avoidance of particle emissions, as shown in the graph below (Figure 7 ). In 2017 in Poland, thanks to the replacement of cars with electric ones, emissions of over 3155 tons of carbon dioxide, over 44 tons of carbon monoxide, over 8 tons of nitrogen oxides and almost 1.3 tons of particulate matter were avoided [95] . During the entire studied period, emissions of over 6324 tons of CO2, over 88 tons of CO, almost 17 tons of NOx and 3 tons of PM were avoided. The ecological effect is even greater in the countries where the increase in the number of electric cars was higher in the analyzed years [96, 97] . For example, among the EU leaders in the sector, i.e., Germany The replacement of part of the car fleet from conventional vehicles to electric vehicles makes it possible to avoid the emission of a large amounts of pollution. The conversion also had a positive impact on the quality of air in cities, thanks to the avoidance of particle emissions, as shown in the graph below (Figure 7 ). In 2017 in Poland, thanks to the replacement of cars with electric ones, emissions of over 3155 tons of carbon dioxide, over 44 tons of carbon monoxide, over 8 tons of nitrogen oxides and almost 1.3 tons of particulate matter were avoided [95] . During the entire studied period, emissions of over 6324 tons of CO2, over 88 tons of CO, almost 17 tons of NOx and 3 tons of PM were avoided. The ecological effect is even greater in the countries where the increase in the number of electric cars was higher in the analyzed years [96, 97] . For example, among the EU leaders in the sector, i.e., Germany The replacement of part of the car fleet from conventional vehicles to electric vehicles makes it possible to avoid the emission of a large amounts of pollution. The conversion also had a positive impact on the quality of air in cities, thanks to the avoidance of particle emissions, as shown in the graph below (Figure 7) . The replacement of part of the car fleet from conventional vehicles to electric vehicles makes it possible to avoid the emission of a large amounts of pollution. The conversion also had a positive impact on the quality of air in cities, thanks to the avoidance of particle emissions, as shown in the graph below (Figure 7 ). In 2017 in Poland, thanks to the replacement of cars with electric ones, emissions of over 3155 tons of carbon dioxide, over 44 tons of carbon monoxide, over 8 tons of nitrogen oxides and almost 1.3 tons of particulate matter were avoided [95] . During the entire studied period, emissions of over 6324 tons of CO2, over 88 tons of CO, almost 17 tons of NOx and 3 tons of PM were avoided. The ecological effect is even greater in the countries where the increase in the number of electric cars was higher in the analyzed years [96, 97] . For example, among the EU leaders in the sector, i.e., Germany In 2017 in Poland, thanks to the replacement of cars with electric ones, emissions of over 3155 tons of carbon dioxide, over 44 tons of carbon monoxide, over 8 tons of nitrogen oxides and almost 1.3 tons of particulate matter were avoided [94] . During the entire studied period, emissions of over 6324 tons of CO 2 , over 88 tons of CO, almost 17 tons of NO x and 3 tons of PM were avoided. The ecological effect is even greater in the countries where the increase in the number of electric cars was higher in the analyzed years [95, 96] . For example, among the EU leaders in the sector, i.e., Germany (DE), Great Britain (GB) and France (F), the amount of emission reduction in individual years was as described in the table below (Table 8) . 
Ecological Effect and Emission Reductions-Corrected Values
The values presented above relate to the reduction of emissions of air pollutants fumed during the operation of the vehicle. Reducing their emissions will directly affect air quality, mainly in cities [97, 98] . This can decrease occurrences of smog and improve air quality [99, 100] . However, electric vehicles, although they hardly emit any harmful substances while driving, use electricity [101, 102] . Electricity is generated in power plants and, depending on the state of the power system and energy mix in a given country, its production causes emissions of various substances into the atmosphere [103] [104] [105] . In connection with the above facts, the ecological effect of the fleet's replacement with electric vehicles was also calculated including emissions resulting from the generation of electricity.
A correction of the calculated values was made on the basis of previously estimated primary energy indicators (PEF). It allows for the determination of the primary energy from different types of media needed to power an electric vehicle.
On the basis of data on the average annual mileage of a vehicle in a given country, as well as the assumed energy consumption of an electric car in road conditions, annual electricity consumption was calculated [106, 107] . Then, using PEF indicators, primary energy consumption was estimated. Based on the energy mix peculiar to a given country and the average emission values characteristic for all types of fuels (solid, gas, liquid and waste), additional emissions were determined, which accompany the operation of electric vehicles. Finally, the previously calculated emission reduction values were corrected for additional emissions related to the generation of electricity. 
Conclusions
Although electric cars are not a very new technology, the electromobility sector in the context of private transport is still new on the market. This results in relatively high prices of this type of vehicle as compared to conventional cars. The low popularity of electric cars translates into high purchase costs which are closely related to research and development costs incurred by manufacturers, the costs of introducing new models to the market, or the production of high-performance batteries.
Based on the analysis, it can be concluded that:
• The population in the European Union, Norway and Switzerland, increased by 5.93% from 2000 to 2016, while, in the same period, the number of cars increased by 26.21%. This fact is related to the change in the automotive coefficient, which amounted to 436 in 2000 in the analyzed area, and as many as 518 in 2016. Based on the forecast of a further increase in the population and cars to be produced, it was determined that the value of the coefficient in 2021 will be 537, using the creeping trend method.
• Poland and Greece have the largest increases in the coefficient. In these countries, the value of the ratio changed from 261 to 571 and from 297 to 475 respectively. Countries such as Switzerland or Germany are characterized by a relatively small increases in the coefficient. For comparison, the average annual growth rate of the ratio in these countries is 0.56% and 0.25% respectively, and in Poland it is 4.66%.
•
The analysis of electric car registrations in the studied countries showed that a total of 868,320 electric cars appeared in the European Union, Norway and Switzerland from 2009 to 2017. Norway, Great Britain, Germany and France are the undisputed leaders in the sector. In these four countries, 557,244 electric cars appeared in the analyzed period, which constitutes almost 65% of all electric cars registered in the EU, Norway and Switzerland in that period. At the same time, only 7317 electric cars were registered in Poland.
• Based on the forecast made, using the crawling trend method, it is anticipated that 9,200,449 electric cars will have been registered in the European Union, Norway and Switzerland by 2030.
The paper proposes an original author's method for calculating the primary energy index, which was then validated based on the methods proposed by the Fraunhofer-Institut. The validation was carried out on the basis of a comparison of the 4 proposed methods with the author's method. The difference between the arithmetic mean of the methods and the results of calculations made using the author's method for 2001-2016 was smaller than the standard deviation of the methods.
Based on the author's method, the index was calculated, which, in the case of Poland, was 2.34, and 2.19 for the European Union for the year 2016.
• On the basis of the analyses carried out, the ecological effect of replacing the conventional car fleet with the electric one was calculated. 
